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le 
SUtiha HY 
It has been found in this preliminery lnvest- 
igation that an electrical glow discharge from a sharp 
point, when ineerted in eupersonic airflow (M * 1.0 to 
MS 3.0) le sensitive to the following conditions. 

le The giow current is definitely pressure senaitive 
at supersonic velocities. 

2. any Mach number change from & 2 1 to M 2 3 effecta 
the glow current. 

Se A greater voltege ia required to meintain a 
given current for larger electrode spacings, a 
lerger size wire, and a positive wire polarity. 

4. Platinum wire of 0.Q03-inch minimum diameter 
could be used in this inve@tigation because any 
sm@ller size wire bent when it was inserted in 
aupersonic airflow. 

5. Gurrent flow from 10 to 90 microemperes gives 
enough flow diecharge for this experiment (M # 1.0 
to BRB & 3-0). 

6. The shepe of the plate and the material from which 
it ie made effect the curreat flow. 

7. The glow changes in size with changes in Mach 
numoere 

8. The glow changes in size with change in static 
presaure. 

9. This device adapta itself for use as a static 
vressure measuring instrument and possibly as a 


Mach numver recorder. 
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Frank David Werner!) in his investigation of the 
possible utliization of an electrical glow discharge aa a 
means for meaeuring airflow clfracteristicsa, found that 
the glow current from a eharp point is markedly pressure 
Sensitive, somewhat dependent upon velocity, slightly 
dependent upon humidity, and apparently not dependent upon 
ordinary temperatures. His investigation wae meade through 
& velocity range from zero to 400 feet per second or a 
Mach number range of from Zero to @bout 0.4. 

The primary endeavor in the writer's investigation 
nas to make & preliminary exploration to determine if such 
a glow would function at all in supersonic airflow, to 
design apparatus with which an electrical glow discharge 
from a aharp point could be atudied, and algo to deteruine 
if the giow 1a pre@sure or velocity dependent at Mach 
numbers greater than one. The Mach number range used in 
this investigation waa from 1.0 to 3.0. ‘The facility in 
which this investigstion was carried out was constructed by 
the writer and Lt. Cdr. F. X. Timmes (graduate student) at 
the University of Minnesota Aeroneutical Laboratories at 
the Ro#emount Kesearch Center, HKosemount, Minnesota. 

sinee this is the firat time an electrical glow 
discherge from @ sharp polnt hae been inserted in super- 
sonic airflow to investigate ite dependence on preseures 
Gna Mach numbers, it ia to be expected that the results 
obtained will have some experimental errora because of 


inadequate instrumentation and should be used only ag a 
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guide for later @nd more elaborate studies. Experience 
in designing and using equipment to make this investigation 
should lead to the development of more accurate instrument- 
ation, end to the eliminetion of some of these errors. 
However, the generel trend of dependence upon Nach number 
and presaure of the electrical glow discharge from a 
anerp point will be shown in this investigetion. 

For this study 1t~ was decided to construct & 
special small aise wind tunnel instead of using any of 
the Univeraity's full-ecele tunnele. The reagon for this 
decision wae the neceseity for more flexioility during 
investigations even though the accuracy of ultimete re- 
Sulte may be lowered. Since thie was the first use of 
the sherp point glow diecharge in Supersonic airflow, 
many adaptations were more convenient in this eetup then 
in the full-scaie tunnel. It le logical that the ultimete 
check of the date obtained in this tunnel would have to 
be made in a full-scale tunnel, but that atep ig beyond 
the scope of this paper. A Bingle etep attempt to use 
the needle in a full-secele tunnel is shown in the 
Sppendix. 

fhe writer is grateful to Professor John D. 
Akerman for his edvice @nd general direction of the 
research. Mr. FPrenk D. Werner was very heipful in the 
actual design of all the electrical equipment. Professo: 
Je W. Braithwaite was of great aggistance in the design 


and construction of the supersonic wind tunnel. 
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the isveél nogzie wes sede of lucite for tro. 
reasons: Firet, because of its transparency, through 
lucite it 1@ possible to observe the electrical glow dis- 
cherge et different Mech numbers and at different stetic 
pregasures. Second, since iucite ia a gooc insulator, 
there was no danger of a current flow to ground through 
the nozzle if a short occurred. ciucite has proved to be 
an excellent material to satiafy the above requiremente. 

The probe@ were degipned to be strong enough 
€9 that they would not bend in eupersonic airflow. Alae, 
@ Coating of arcyloid, which le a liquid pleatic thet 
herdens in about 48 hours, was used on each probe aot 
only to give more rigidity but eleo te act @@ an ineulator. 
The insulatory properties of the coating were essential, 
especially where the probes were close together, to 
avoid ercing downetream of the platinum sire. Care was 
taken net to coset the plate circuit nor the platinum wire 
with the Liquid plastic. Areyleid proved to be an 
excellent insulsior. 

@hen the plate circuit wae positive and the 
wire negative, measurable current readings were recorded. 
hea the wire was positive and the plate negative, current 
readings were So emall that the electronic equipment 
designed for thege tests did not detect any current flow. 
Since measurable current readings were recorded when the 


wire was negative, thie type of circuit was used to obtain 
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the electrical glow discharge current readings. The 
theory behind this phenomenon ia oxplained extensively 
in the paper written by Frank Devid Werner!). 

fhe writer has found in this investigation 
that current readings were obtained up to 350 microamperes 
at high voltage settings. At these high voltages and 
currente the electrical glow discherge was almost at sn 
erecing stage; therefore, erratic current readings result- 
ed at this high voltage. For this reason, lower current 
readings were uged in the magnitude of from 60 to BO micro~ 
amperes. Enough points were recorded at theae lower 
currents to plot smooth curves @6 ogre shown in Figures 
« through 6. From this it can be concluded that the 
use of lewer current will give more stable readings and 
will give more accurately the trend of events under 
investigation. 

The electronic equipment was designed to give 
from zero tc 10,000 volte positive and from sero to 
10,000 volte negative. These two cireuitse could then 
be connected in a series to give & range of from zero 
to 20,000 volta. It was not neceasary to use more than 
10,000 volts; therefore, it was not necessary to connect 
the two circuits together. The positive voltege supply 
was used throughout the entire investigation. The 
cositive lead w&s connectea to the plate circuit which 


aiso acted as the static probe while the ground (shield 
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Figure Sil shows the wind tunnel nozzie, the 
manometer board, the electrical equipment, and the probes. 
Figure 25 is @ drawing, to secsle, of the wind tunnel. 
Figure 26 is a scale drawing of the Laval nozzle.blocks. 
Figures 27, £8, and 29 are diagrame of the electricel 
equipment. 

fhe wind tunnel was gupplied with a continuous 
fiow of dry air from @ 2eS5-pound~per~-square-ineh storere 
tank of 1750 cubie foot capacity. fhe high pressure air 
leaves the tank through a leinch high preesure ateel 
pipe. & leinch gate velve was used to control the air 
leaving the nigh pressure storege tank. The air enters 
the stagnation chamber of the wind tunnel through e@ 2-inach 
pipe. A S-inch globe valve was instelled in the 2-ineh 
pipe line for use as a —< yalve. Starnation 
pressures in the stagnation chamber were mainteined by 
@djuating the ceinch throttling valve. 

& total head pressure gage was designed as 
shown in Figure 25. It consigted of o 1/4-inch steel pipe 
Which held @ hypedermic needle. This nine was placed in 
the stagnation chamber as shown in the ecale drawing of 
the wind tunnel (Figure 25). One end of this atesel tube 
was plugged while the other end was connected to a 
pressure ge@ge with a scale from zero to 100 pounds per 
eqguare inch. It was found that thia gage gave pressure 
readings accurate to within one percent of their correct 


value. 
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& atandara type mercury manometer waa construct- 
ec and usec throughout this investigation te measure 
static pressure. Figure 31 shows thie manometer as it 
was used to measure static preasures. 

Figure <& shows the bellemouth entrance to the 
nozZle. This bell-mouth, made of hydrosatone, proved to 
be very satisfactory. Wo crecking or chipping of the 
bellemouth wae noticed at the completion of thie invest- 
igation. 

Figure co le a scale drawing of the Laval nozzie 
blocks. The clocks and side plates were mace of lucite 
and were degigned to give a Mech number from 1.0 to 3.0, 
but @ manufacturing error was mede which gave a slightly 
different Hach numier. Thie difference is shown in Figure 
le It can aleo be seen in Figure i thet the experimental 
Mach numbers @re slightly leas than the theoretical Mach 
numbers ¢t the same positions in the nozgale, but still 
gave satisfectory Mach numbers for be 1.0 to B® Gel. 

The probes, ase shown in Figurea 30 and 33, were 
made of 1/4-inch steel tubing. The static probe also act- 
ed as the plate of the circuit. & 1/l6-inch brags tube 
was inserted in the upstream end of the static probe. & 
static hole wae drilled in this brags tube & diameters 
from ihe upstream end. The upstream end of the 1/16-ineh 
bragse tube was closed by silver solcer and ground to a 
very fine point. A 1/lé-inch solid steel rod was inserted 


in the upetream end of the glow probe that held the 
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platinum wire. This upstream end of the solid steel rod 
was also ground to @ wery fine point. The 0.003-inch. 
piletinum wire was soldered to the upstream sharp end of 
the steel rod. 

Beth probes were costed with arcyloid which is 
@ liquid plesetic that hardens in about 48 hours. These 
probes were mounted in lucite holders thet were fastened 
to the probe Suppert. The probe eupport could be moved 
back @nd forth on a steel track, thue enabling the probes 
to be set at any position desired in the nozzle. Figure 
S& Showa the probe support aud the traek on which it esuld 
be moved. 

The electronic equipment was designed in two 
Separéete pertse. The clreuit for part one is shown in 
Figure £8. This circuit produced a negative voltage of 
from sero to 10,000 volts. The cireuit for part tue is 
shown in Figure <3. This servond cirevit produced 4 
positive voltsce of from zero to 10,000 volts. Voltmeter 
and ammeter circuits (Direct Gurrent) were designed as 
ehown @nd Were used to messure currents in microamperes 
and voltages. All voltmeter and ammeter readings are 
accurate to within S&S percent of their actual vaiue. Both 
circuits were installed in the s@me panel as ehown in 


Figure Sl. 
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The atatic probe, which aleo acted ae the plate 
circuit of the electrical glow discharge, wae inserted 
in the noazle at 0.7l-inch from the throat with the etstic 
hole just opposite the 0.7l-inch position. At this 
position in the nozzle rune were mde for different Mach 
numbers. The stagnation pressure was chenged through a 
range of values to determine the atagnation pressure thet 
preduced the approximate theoretical Mach number in the 
nozzle at the 0-7l-<inch position. At positione of l-inch, 
<, &, and 4 inches downatream the same procedure a8 des- 
cribed above was followed. A curve of the results is 
shown in Figure l. 

It was found that atagnation preseurea of 25, 
5G, and 40 pounde per square inch gage fave a H&ch number 
of 2.08 at the leinch position. Stagnation preseures of 
40, 50, and 60 pounds per equare inch gage gave 3 Kach 
number of 2.44 at the 2-inch position. The 3 and 4-inch 
positions were probed in the ssme manner, and Rach numbers 
of 2.8 and 3.1 were established. Stagnation pressures of 
70, 80, and 90 pounde per square inch gage were used at 
the Seineh position. and 90, 94, and 100 pounds per squére 
inch were used at the 4-inch position. It was found thet 
below certein etagnation preasures the Mach number at any 
mosition could not be obtained. Sinee the nozzle did not 
have a difftueer attached to ite exit, these high 


stagnation preszures are to be expected and check very 
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closely to those given in reference 5. 

After the static probe Mach number calibration 
(Figure 1) was meade at the various pogitions in the 
nozgle, the probe thet held the small platinum wire sas 
placed in position. The 0.003-inch platinum sire on this 
prebe was Lined up juet opposite the static hole in the 
static probe. ith the wire and plate at 0.25-inch 
spacing between them inserted in the nozzle at the various 
positions, rune were made as described in the preceding 
paragraph. Using this configuration, it was found that 
the same static pressures ag obtained with the static 
probe alone were obtained at any position using correspond- 
ing stagnation pressures, thus showing no effect of the 
flow probe on stetic preseure and Mach number at locetione 
under investigation. 

ith the probe spacing of 0.£5-inech and the 
etagnation pressuree netestery to produce the Mach number 
at any given position, rune were made at the various 
positions in the tunnel. The same procedure sas foliowed 
for & OeleS-inch spacing. ammeter and voltmeter readings 
were recorded during each run. | 

bloce rune were made as rapidly as possible, it 
was aasumed that for any run the tempersture remained 
constant. Also, dry air (-400 FP.) was used throughout 
the Investigation. 

& yacuum jar wae used to determine preacure 


effect on the glor cGischarge et zero Mach number. The 
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Figure 1 shows the Mach number versus the dis- 
tance along the nozzle. The Mach number was determined 
by & static probe connected to a mercury manometer. 

The stagnetion pressure was read directly from @ pressure 
esge. If the stagnation preseure, the static preseure, 
and the berometer reading are known, Mech number can be 
eaeily determined. Isentropic flon was agsumed upstream 
and downstream (but not through) the normal ehock wave. 

Figures 1 through 7 give microamperes versus 
Volts at various Mech numbers ranging from tero to 3.1. 
The space between the plate and the wire was 0.25~«inch, 
These curves show thet the glow discharge is definitely 
Gependent on preseure. 

Figurea @ through 12 give absolute pressures 
versus volts at various current flowa. The data for 
these curves were obtained from the microamperes versus 
volts curves (Figures 1-7). 

The final curve, Figure 13, shows the effect 
of Mach nusiber. Here microamperes versus volts et con- 
stant absolute preseure were plotted. After study ing 
these curves, it can be readily seen that the glow dis- 
charge is velocity dependent. It can be seen that all 
curves from M = gero to M = 2.8 heve the same generel 
trend, but the M = 3.1 curve is different. This te 
provabiy due to experimentel errors and to peor supersonic 


Sirfiow at the 4-inech position. Nevertheless, ell the 
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curves show the s&me general trends &@nd indicate thet 
the Mach number has an effect on the electrical: glo 
discharge. 

The rewm#@ining curves, Figures 13 through 24, 
show test data under the same condition as above excent 
that the specing of the plate and wire wae reduced to 
O.-lZS5-—inch. Again it can be seen that the electrical 
glow discharge le preseure and Mech number dependent. 
However, this time the Bach number curvee did not plot 
in the same sequencoe This is partly due to experimental 
errors, and it le expected thet at the 0.125-inch spaciaog 
there is some airflew interference between the plate and 
the wire, even though it did not ghow up on the static 
readings. These curves, even though they don't follow 
in sequence, show @ general trend which indicated that 
the glow discharge ia dependent on Mech number. 

Figure 34 shows a@ sperk photograph of the nozzle 
blocks et @ Mach number of Zero. it can be seen that the 
cChennel walieée are fogred up3 this is due to poor glueing 
of the side plates to the sozzle biocks, indicating that 
the glue had run down the walls of the nozzle. The black 
heavy line below the channel is a tape meseuring device 
for plecing proves st exact position in the nozzle. 

Figure 25 showe the same nozzle with supersonic 
airflow at a Mach number of <.81. Shock waves at the 4de- 
inch position can be Been. Also, &t about the 4-inceh 


position the fiow atarts to separate, end by the time it 
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reaches the end of the nozzle Lt appears to have sepvarated 
almost completely. Due to the cloudy sides of the channel 
nothing else can be seen. 

Figure 36 shows the sase nozzle block with 
supersonic airflow at a Mach number of <.81, but thie 
time the probes are inserted in the nozzle. The apacing 
between the plate and wire was OecS-inch. Here it 
eppeears that the probes have helped the flow, but again 
due to reflection through the top wall of the channel and 
Cloudy chennel walle, iittle of importance can be seen. 
Even though the flow appears better with the probes 
inserted, the atatic probe manometer readings indicated 
thatthe deinch poeition separation and turbulent flow 
exists. 

Since this experimentetion wae the first ex- 
vloration of the aupersonic flow by means of sharp point 
glow discharge, the establishment of methoce, trends, 
limitations, and possible expectations for thie type of 
flow etudy was more important than finality of results. 

&t the start of the investigation it wae not pogelble to 
-redilet in which direction to concentrate and, therefore, 

a flexibility in generai of inetrumentation gas more 
important then fine accuracy of any one item in perticulsr, 
but even with thie procedure, the @eccuracy; of all teat 

dsta is Limited only by the type of inetrumentation ueed 
and the accuracy; with which Lt wes read. Considering the 


type of gages &nd electronic equipment used, an overall 
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14. 


It ie conciuded that an electricai glow dise 


cherge when inserted in supersonic airflow haa the 
following characterlatics;: 
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The glow current ia definitely pressure sensitive. 


The glox current ile dependent on velocity «= 
that ia, any Mach number between Mh @ i and 2 § 
change effects the glow current. 


& greater voltage is rejuired to maintain a given 
current for larger electrode spacings, a larger 
Bize sire, and positive wire polarities. 


Platinum wire 0.00S-inch diameter could be used 
in this investigation because any emaller size 
wire bent when it was inserted in supersonic 
&@irflow. 


Current flow from 10 to 80 microamperea gives 
enough glow diacharge for thie experiment. 


The shepe of the plate and the material from 
which it Le made effect the current flor. 


The glow changes in size with chenges in Nach 
number. 


The glow changes in size with change in static 
preseures 


Thie device adapts itself for use as a static 
pressure measuring inetrument and possibly ae a 
Mach number recorder. 


The following recommendations are given below: 


Le 


if lucite nozzle blocks are to be made for thie 
tunnel, it is recommended that grest care be 
taken in the @lueing process to give clear end 
anooth walls. | 


Hozzle blocks should be mede by the method of 
characteristice, thus eliminating the bed flow 
conditions encountered in the vaval nozzle. 


7 “> f nant 


. cer oe 


at wqnmes tists sate mt appa vols oat 


cul Uieeis oi) ee eniven £107 
jen cman mes | B47 - wT 
-Tabtc oys tomeew Ge 


peeied ewed§ @e4 sue! /Wameroaes Mil+osiol T 


shee set aoe oF af e8e Sdoel sitooe efitwi oes 
oe ece> sera, fle Salers af fi , iawn 
ne teed etia of steeds aeiatig ser af fewer 
tice Ge! 


Ss ealsees at me ‘i 26 Gieewe S495 10 O e508 
euil Det ee emi paerIntia Gee? ,eclluiio (or: ay 
oi eter ieore: aft al betetaneors émald i tw 





Se 


46 


Se 


Ze 


Ge 


15. 


An extremely sensitive type of throttling valve 
be Lncorporated in the equipment to enable the 
operator to hold stagnation pressures more closely 
to the desired value. 


An accurate means of measuring stagnation prese- 
ures be used. It is aduggested thet an electronic 
gage (Strain gage) be used. 


& mount holder for the probes should be designed 
8o that it will give good accessibility to a 
change in spacing of plate and wire. 


The two probes should be made of a strong in- 
sulating materiel, thus eliminating steel tubing 
and liquid plastic insulstions. 


& high voltage fuse should be used in the 
electronic equipuent to evold any voltage leake- 
age and to protect the power eupply. 


& voltmeter and an ammeter circuit should be 
Getigned to sieasure the voltage and the current 
when the tuto power supplies are connected in 
Series. 


& t8pered needle to give sharper point and enough 
Strength to withetend air bleaat may be necessary 
and if it is not too expensive to manufacture, 
should be tried in the next experimenta. 
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GikD TUNNEL & ELECTRONIC BQUIPNENT 
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WOZZLE BLOCKS, PAOBBS & VACUUM JAR 





Fig. 32 
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